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ABSTRACT
Aims. In order to understand the role of the different processes that drive galaxy evolution in clusters, we need comprehensive studies
that simultaneously examine several of the most important physical properties of galaxies. In this work we study the interplay between
the kinematic state and star formation activity of galaxies in the RXJ1347-1145 cluster complex at z∼0.45.
Methods. We used VLT/VIMOS to obtain slit spectra for 95 galaxies across the 40′x40′ area where the RXJ1347-1145 cluster complex
resides. We determined the cluster membership of our targets by identifying one or more of the available emission lines within the
wavelength range. Our spectroscopy is complemented with archival SUBARU/Suprime-Cam deep photometric observations in five
optical bands (B, V, Rc, Ic, z’). We examined the kinematic properties of our sample attending to the degree of distortion of the
extracted rotation curves. Regular rotating galaxies were included in our Tully-Fisher analysis while the distorted ones were used to
study the role of cluster-specific interactions with respect to star formation and AGN activity.
Results. Our analysis confirmed the cluster membership for approximately half of our targets. We report a higher fraction of galaxies
with irregular gas kinematics in the cluster environment than in the field. Cluster galaxies with regular rotation display a moderate
brightening in the B-band Tully-Fisher relation compatible with the gradual evolution of the stellar populations with lookback time,
and no significant evolution in the stellar-mass Tully-Fisher relation, in line with previous studies at similar redshift. Average specific
star formation rate (sSFR) values are slightly lower in our cluster sample (-0.15 dex) with respect to the main sequence of star-
forming galaxies, confirming the role of the environment in the early quenching of star formation in clusters. Finally, we carried out
an exploratory observational study on the stellar-to-halo mass relation finding that cluster galaxies tend to have slightly lower stellar
mass values for a fixed halo mass compared to their field counterparts.
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1. Introduction
The general population of galaxies in the local Universe can be
divided into two distinct types: Star-forming galaxies are blue in
color, and have disk-like morphologies and relatively high star
formation rates (SFRs), whereas quiescent galaxies are redder,
and have more spheroidal shapes and low levels of star forma-
tion. These properties are the product of a series of processes
acting over galaxies throughout their lifetime. To give some
examples, mass growth (Cattaneo et al. 2011), morphological
transformations (Mortlock et al. 2013), quenching of star forma-
tion (Peng et al. 2010), and redistribution of angular momentum
(Swinbank et al. 2017) are some of the most important changes
that galaxies experience across cosmic time. The scientific com-
munity coined the term “galaxy evolution” to refer to these pro-
cesses as a whole, and it has been extensively studied up to z∼2
and beyond during the last decade.
In recent times, the mass growth and the environment have
been revealed as the two main drivers of galaxy evolution
(Baldry et al. 2006). However, both effects act in a similar way
over the properties of the general population of galaxies, mak-
ing it difficult to identify which one is dominant at different
cosmic epochs. Dressler (1980) was the first to establish that
denser environments present higher fractions of quiescent galax-
ies compared to the field in the local universe. Recently, some
? Based on observations with the European Southern Observatory
Very Large Telescope (ESO-VLT), observing runs ID 386.A-0688(D)
and 087.A-0361(D).
studies have linked the under-abundance of star-forming galax-
ies in clusters to an excess in the population of post-starburst
galaxies in clusters at low to intermediate redshifts (Socolovsky
et al. 2018, Paccagnella et al. 2019), pointing once again towards
the influence of the environment in galaxy transformation and
the quenching of star formation. However, the exact mechanism
causing the stop of star formation is still a matter of debate, with
recent studies proposing a two-phase process where a galaxy first
slowly consumes most of its gas reservoir in the outskirts of the
cluster before being fully quenched due to ram pressure stripping
(RPS) in the innermost regions (Petropoulou et al. 2011, 2012,
Wetzel et al. 2013, Maier et al. 2019, Ciocan et al. 2019).
This description of galaxy evolution in clusters holds until
z∼1, when an increasing fraction of blue galaxies start to popu-
late even the central regions of large-scale structures (Butcher
& Oemler 1978). At earlier epochs, the star-forming popula-
tion becomes dominant, and during the cluster assembly even
starbursts are common (Santos et al. 2013, Dannerbauer et al.
2014, Popesso et al. 2015, Casey et al. 2017). On the other hand,
Darvish et al. (2016) find that the quiescent fraction increases
with stellar mass up to z∼3, becoming almost independent of the
environment at z>1, with galaxies showing similar SFR and spe-
cific SFR (sSFR) values in the field and (proto-)clusters. In addi-
tion, Paulino-Afonso et al. (2018) reported lower SFR values in
dense environments for galaxies below log M∗ 610.75 with re-
spect to the field at z∼1, while galaxies above that threshold do
not show significant differences, which means that mass quench-
ing is only dominant at very high stellar masses at this epoch.
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However, integrated properties such as galaxy luminosity,
stellar mass, and star formation activity are not sufficient to un-
derstand galaxy evolution in clusters where interactions are fre-
quent. Subtle cluster-specific processes such as starvation might
be responsible for the early quenching of star formation for
galaxies within massive clusters. However, to achieve a full
transformation into passive ellipticals, we still need to compre-
hend the mechanisms that alter the kinematics of the cluster
galaxies and rearrange their 3D structure during their infalling
phase. Processes like merging, harassment, and RPS are proba-
bly in play, but also secondary processes such as the triggering
of star formation due to tidal interactions or initial gas disk com-
pression via ram-pressure (Ruggiero & Lima Neto 2017) might
intervene in the stronger and accelerated evolution of galaxies
living in clusters even though it is still unclear which one pre-
dominates.
The use of galaxy kinematics to study the evolution of star-
forming galaxies in clusters has been traditionally linked to scal-
ing relations such as the Tully-Fisher relation (TFR, Tully &
Fisher 1977), that can only be applied to regular rotating disks.
While some authors claimed no difference between the cluster
and field TFRs (Ziegler et al. 2003, Nakamura et al. 2006), others
reported that spiral galaxies were slightly overluminous (Bam-
ford et al. 2005) and display a larger TFR scatter (Moran et al.
2007) in the cluster environment at z<1. However, galaxies with
irregular kinematics cannot be excluded from a comprehensive
environmental study since they represent the majority of the pop-
ulation in clusters (Rubin et al. 1999, Vogt et al. 2004). Follow-
ing this idea, Bösch et al. (2013a) were able to link RPS events
with asymmetries in the gas velocity profile of cluster galaxies
that do not show significant distortions in their stellar structure.
In this work we choose the multicluster system RXJ1347-
1145 to investigate the environmental imprints of galaxy evolu-
tion for objects displaying regular and irregular gas kinematic
behavior, focusing on their Tully-Fisher analysis, star formation,
and active galactic nucleus (AGN) activity. The structure of this
paper is as follows. In Sect. 2 we state the target selection, ob-
servation conditions, and spectroscopic data reduction. In Sect.
3 we describe the methods used during our analysis. We present
our results and discussion in Sect. 4 and Sect. 5, respectively,
followed by our conclusions in Sect. 6. Throughout this article
we assume a Chabrier (2003) initial mass function (IMF), and
adopt a flat cosmology with ΩΛ=0.7, Ωm=0.3, and H0=70 km
s−1Mpc−1. All magnitudes quoted in this paper are in the AB
system.
2. Sample selection and observations
The galaxy cluster RXJ1347.5-1145 (hereafter RXJ1347) at
z∼0.45 is one of the most massive and most X-ray luminous clus-
ters known (Schindler et al. 1995). In recent years, RXJ1347 has
been the subject of intense research, through spectroscopic (La-
ganá & Ulmer 2018, Jørgensen et al. 2017, Fogarty et al. 2017),
X-ray (Ghirardini et al. 2017, Ueda et al. 2018), lensing (Chiu
et al. 2018, Umetsu et al. 2018), and Sunyaev–Zel’dovich ef-
fect (Kitayama et al. 2016, Adam et al. 2018) analyses. How-
ever, most previous works were focused on the determination
of the cluster internal substructures. The presence of two very
bright galaxies close to the center of the cluster and the discov-
ery of shocked gas suggest that RXJ1347 is undergoing a major
merger. Furthermore, Verdugo et al. (2012) identified a large-
scale cluster complex that extends diagonally across the field for
about 20 Mpc and contains ∼30 additional group-like structures,
including two additional prominent galaxy concentrations: one
towards the southeast, coincident with the cluster LCDCS 0825
(Gonzalez et al. 2001) and another towards the northeast which
was named ‘the NE Clump’ by Verdugo et al. (2012).
In this work we investigate the physical properties of galax-
ies that belong to this cluster complex, in particular con-
cerning their internal kinematics. We carried out multi-object
(MOS) spectroscopy with VIMOS/VLT between March 2011
and September 2012 to obtain spectra for 95 galaxies using two
pointings around the RXJ1347 main cluster structure at z∼0.45.
Our primary targets were cluster galaxies selected from previous
medium-resolution spectroscopic campaigns carried out by our
group.
We used the high-resolution grism, HR-orange, which cov-
ers the wavelength range 5200 − 7600Å and a slit width of
0.8". This configuration yielded a spectral resolution of R∼2500
and an average dispersion of 0.6 Å/pix with an image scale
of 0.205"/pixel. Prior to our observations, we used SExtractor
(Bertin & Arnouts 1996) on CFHT images to compute the po-
sition angle of our targets with respect to the orientation of the
masks. These values were used during the mask design to align
the slits with our targets. However, this and other structural pa-
rameters of the galaxies were recomputed using the high-quality
SUBARU Suprime-Cam z’-band images after the execution of
our observation runs. The reason for this is that the accurate de-
termination of the galaxies’ structural parameters plays an im-
portant role in the kinematic analysis that will take place at a
later stage. Therefore, the CFHT measurements become our slit
tilt angles (θ) while the SUBARU measurements are the physical
position angles (PA) of our objects.
The slit tilt angles were limited to |θ| < 45o to ensure a
robust sky subtraction and wavelength calibration. However, a
small number of our primary targets display PA that exceeded
these constraints. In these cases we still analyze the objects by
adding the misalignment angle (δ) between PA and θ as an ad-
ditional parameter to our analysis (see Sect. 3.2). The discrep-
ancy between θ and PA is rather small (<10o) for most galax-
ies, although a few cases show larger values due to the lower
imaging quality of the CFHT observations. The total integration
time slightly varies between observing runs, being 2.1h for tar-
gets observed during period P86 and 1.85h for targets in P87.
Our observing program was conducted with average seeing con-
ditions of 0.8" FWHM and airmass ∼1.1 during both observing
runs. The spectroscopic data reduction was carried out using the
ESO-REFLEX pipeline for VIMOS. The main reduction steps
were bias subtraction, flat normalization, and wavelength cali-
bration. We co-added the 2D spectra exposures using an IRAF
sigma-clipping algorithm that performs bad pixel and cosmic ray
rejection.
We use several prominent emission lines ([OII] 3727Å, Hβ
4861Å, [OIII] 4959,5007Å) to measure the redshift of our targets
and determine their cluster membership. The distribution of our
targets in redshift space is shown in the top panel of Fig. 1. Two
peaks are clearly visible at z∼0.45 and z∼0.47, and correspond
to the two main structures of the cluster complex, RXJ1347
and LCDCS 0825. However, more than thirty additional smaller
group-like structures have been previously reported to be part of
the same large-scale structure (Verdugo et al. 2012). To encom-
pass most of these structures in redshift space, our cluster mem-
bership window is defined as 0.415<z<0.485. Observed galaxies
outside this redshift range are considered to be part of the general
field population and will form our field comparison sample. Fig-
ure 2 shows the distribution of our cluster targets over the density
map of the cluster structure presented in Verdugo et al. (2012).
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Table 1: Summary of the imaging data used in this work
Telescope Filter Exp. Time FWHM
(s) (")
SUBARU/Suprime-Cam B 1 440 2.20
. . . V 2 160 0.75
. . . Rc 2 880 0.74
. . . Ic 3 240 1.14
. . . z′ 4 860 0.72
CFHT/MEGACAM g′ 4 200 1.01
0.2 0.3 0.4 0.5 0.6 0.7 0.8
Redshift
0
2
4
6
8
10
12
N
RXJ1347 LCS0825
Fig. 1: Distribution of our targets in redshift space. The two
dashed orange lines at z∼0.45 and z∼0.47 correspond to the two
major structures of the cluster complex identified as RXJ1347.5-
1145 and LCDCS 0825 by Verdugo et al. 2012.
The contours define the galaxy number density of a given area
in units of Mpc−2. The first contour starts at 14 Mpc−2 which
is 1σ above the mean density value in the field and gradually
increases up to 200 Mpc−2 in the innermost regions of the clus-
ter complex. Most of our cluster sample is located in the low-
to intermediate-density areas. In this figure, our cluster objects
have been split into four different subgroups. Three of them (reg-
ular, affected, and irregular) depend on the degree of distortion
found in their kinematics, which is measured by the asymmetry
index A (see Sect. 3.4). The fourth subgroup (compact) contains
galaxies whose gas emission is mostly concentrated in the inner
parts of the disk. It was not feasible to analyze the spatially re-
solved kinematics of these objects to a large galactocentric radii,
and therefore they were not included in our kinematic analysis.
Further, our spectroscopic campaign benefits from complemen-
tary archival SUBARU Suprime-Cam wide-field imaging in five
bands (B, V, Rc, Ic, z′) and CFHT/MEGACAM g’-band (Umetsu
et al. 2014). The depth and seeing of our co-added mosaic im-
ages are shown in Table 1. The coordinates, redshifts, rest-frame
colors, and magnitudes of our final sample are summarized in
Appendix A. The combination of the large field of view of
Suprime-Cam (34′x 27′), its image quality, depth, and the wealth
of our VLT/VIMOS spectroscopic programs allow us to present
a comprehensive picture of the physical properties of galaxies in
clusters at intermediate redshift.
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Fig. 2: Spatial distribution of our cluster sample over the galaxy
number density map shown in Verdugo et al. (2012) using
the nearest-neighbor counting technique. The figure covers an
approximate area of 50×50 arcmin2 around the center of the
RXJ1347 cluster complex. Density contours start 1σ above the
value of the general field at the redshift of the cluster, and grad-
ually increase to 200 Mpc−1 in the inner regions of the cluster
complex. The orange, purple, and white circles respectively in-
dicate the galaxies classified as regular, irregular, and affected
according to their gas kinematics (see Sect. 3.4). The red circles
are galaxies with compact gas emission; these galaxies are not
included in our kinematic analysis.
3. Methods
3.1. Rest-frame magnitudes and stellar masses
We used the publicly available photometric catalogs produced by
the CLASH team (Umetsu et al. 2014) using SExtractor (Bertin
& Arnouts 1996) over PSF matched SUBARU images in five
bands (B, V, Rc, Ic, z′) to obtain the observed magnitudes of
our targets. Stellar masses and rest-frame magnitudes were com-
puted by using Lephare (Ilbert et al. 2006, Arnouts & Ilbert
2011). This code applies a χ2 minimization algorithm to match
stellar population synthesis models (Bruzual & Charlot 2003)
to the spectral energy distribution (SED) derived from the pho-
tometry available assuming a Chabrier IMF (Chabrier 2003). We
constrained the possible ages to values lower than the age of
the Universe at z∼0.45 (i.e., ∼9 Gyrs), and applied Calzetti’s
attenuation law (Calzetti et al. 2000) with extinction values of
E(B − V) = 0 − 0.5 mag in steps of 0.1 mag. We estimate the
total calibration for all bands to have an accuracy of 0.1 magni-
tudes and ∼0.15 dex for the logarithmic stellar masses.
To put our sample in context we plotted our galaxies into
the rest-frame (B − R) versus (R − I) color-color diagram (Fig.
3). This diagram splits the galaxies into two different groups, an
old-age sequence of quiescent galaxies (upper left corner) and a
star-forming sequence of galaxies with stronger star formation
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Fig. 3: Color-color diagram for our cluster (orange) and field
(blue) sample of galaxies. Both samples show very similar dis-
tributions in the star-forming region of the diagram with only a
few galaxies in the exclusion (passive) area.
rate and higher dust content (Whitaker et al. 2013). These re-
gions are empirically delimited by previous studies so that the
passive population is easily distinguished from the star-forming
one. Kuchner et al. (2017) recently applied the BRI diagram for
this purpose in another cluster at a similar redshift and compared
their results with those obtained by using the popular UVJ dia-
gram (see Whitaker et al. 2013 and van der Wel et al. 2014) find-
ing a high degree of consistency between the two classification
schemes. In our study the vast majority of galaxies lie within the
star-forming region with very similar distributions between the
cluster and field samples.
3.2. Structural parameters
We use the z′-band SUBARU Suprime-Cam images to measure
the structural parameters of our galaxies. There are two reasons
for this choice: the very good seeing conditions (FWHM∼0.7")
achieved during the observations in this band, and the redder
filters that trace the structure of the disk more accurately and to
larger galactocentric radii, avoiding the contamination coming
from prominent star formation features that are usually visible
in bluer wavelength regimes. This makes the z′-band photometry
the best available option for computing the structural parameters
of our targets.
We used the GALFIT package (Peng et al. 2002) to model
the surface brightness profile of our targets and extract their
main structural parameters. For every object we first compute
an exponential profile (ns = 1) to model the disk component
of the galaxy. This single-component model is subtracted from
the original image and the residuals are visually inspected. If the
model is not able to subtract most of the emission in the central
area of the galaxy we infer the presence of a bulge component.
In these cases we use the single-component parameters as initial
guess values in a two-component surface brightness profile with
ns = 4 for the bulge and ns = 1 for the disk component. Other-
wise, we keep the modeled parameters from the one-component
fit as our final result. The most important parameters for the anal-
ysis presented in this work are the inclination (i), the position
angle (PA), and the effective radius (Re). The inclination is com-
puted from the ratio between the apparent major and minor axis
(b/a) following Heidmann et al. (1972) and assuming that the ra-
tio of the disk scale length to the scale height is consistent with
the observed value for typical spirals in the local Universe (i.e.,
q=0.2, Tully et al. 1998). In a few cases the GALFIT PA values
may significantly differ from those computed before our obser-
vations using SExtractor on CFHT images, and that were used
in the first place to align the slits with the galaxies’ major axis.
The lower S/N and the poorer seeing conditions of the CFHT
imaging are responsible for this misalignment. We compute the
angular difference between the orientation of the slit (θ) and the
major axis of the galaxy (PA) measured by GALFIT and include
this additional parameter in our kinematic analysis. The values
of i, PA, θ, and Re of our objects can be found in Appendix A.
3.3. Determining the maximum intrinsic velocity (Vmax)
The rotation-curve extraction and determination of Vmax from
2D spectra is explained in full detail in several previous publica-
tions within our own group (see Böhm et al. 2004, Bösch et al.
2013b, Böhm & Ziegler 2016). In the following we provide a
brief summary of our approach to obtain Vmax.
Typically, [OII] and Hβ are the brightest spectral features
within the wavelength range of our observations, and thus the
sources from which we extract our rotation curves. We enhance
the signal-to-noise ratio by averaging over up to 3 pixels (i.e.,
∼0.6" in the spatial axis) and examine the red- and blueshifts of
the emission line under scrutiny as a function of galactocentric
radius. These shifts are later converted into positive and nega-
tive velocity values with respect to the kinematic center of the
galaxy, where by definition v = 0. To determine this position, we
first average each 2D spectrum over ∼ 80Å around the emission
line and extract the luminous spatial profile of the galaxy in its
vicinity. The width of this window varies to avoid contamina-
tion by nearby sky-line residuals. Then we fit it with a Gaussian
function and provisionally assign the galaxy center to the peak
of the luminous spatial profile. However, we allow for a small
shift of up to ±1 pixel to minimize possible asymmetries caused
by offsets between the luminous and kinematic centers of ro-
tating galaxies. This shift has a maximum value of ∼1.2 kpc in
spatial scale at the redshift of our targets. Large offsets hint the
presence of interactions causing tidal or ram pressure tails (Kro-
nberger et al. 2008). Thus, we avoid matching the kinematic and
luminous centers beyond this limit.
Finally, we compute a simulated velocity field that takes into
account all observational, geometrical, and instrumental effects:
seeing, disk inclination, scale length, misalignment angle, and
slit width. We assume the intrinsic rotational law introduced by
Courteau 1997, which is defined by a linear rise in the rotation
velocity up to the turnover radius and a convergence into a con-
stant value, Vmax, at large galactocentric radii. By extracting the
simulated rotation curve we obtain the intrinsic maximum ro-
tation velocity Vmax. The typical error on Vmax is ≤ 20 km/s
depending on the accuracy of the structural parameters and the
quality and extent of the rotation curve. The synthetic velocity
fields and simulated and observed rotation curves for our sample
can be found in Appendix A.
3.4. Rotation-curve asymmetry
Throughout their lifetimes galaxies may undergo interactions of
different kinds, either with other objects or with the medium
where they reside. These interactions alter the motion of the gas
and stars orbiting around the center of the galaxy, introducing a
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Fig. 4: Three examples of the asymmetry classification scheme
applied to our sample of galaxies. From top to bottom: Regu-
lar (A 6 25), affected (25 6 A 6 50), and irregular (A > 50)
kinematics.
certain degree of distortion in the kinematics. To quantify these
disturbances Dale et al. (2001) introduced an asymmetry index
(A) that measures the difference between the area under the ap-
proaching and receding arms of a rotation curve as a function
of galactocentric radius. This parameter is particularly sensitive
to disturbances affecting the outer parts of the rotation curves
and to large offsets between the emission line and the kinematic
center of the galaxy. It has been applied successfully to iden-
tify distorted galaxies at z∼0.2 by Bösch et al. (2013a) using the
following prescription:
A =
∑
i
|v(ri) + v(−ri)|√
σ2v (ri) + σ2v (−ri)
12 ∑
i
|v (ri)| + |v (−ri)|√
σ2v (ri) + σ2v (−ri)
−1 (1)
Dale et al. (2001) defined the asymmetry index as a per-
centage quantity. However, we multiply the result of Eq. 1 by
a factor of 100 throughout this work to obtain absolute A values.
The pairs (v(ri), v(−ri)) represent the velocity of the two wings
of the rotation curve weighted by their errors (σv(ri), σv(−ri)).
Thus, the asymmetry index cannot be computed for incomplete
pairs of velocity values. This means that if the receding side of
the rotation curve is more extended than the approaching side,
the asymmetry index will only be calculated within the part of
the rotation curve that comprises measurements from both sides.
This also implies that to compute A, any shift in the kinematic
center should be discrete (i.e., in steps of ±0.5 or ±1 pixel), pre-
serving the symmetrical spatial distribution of the velocity mea-
surements with respect to r = 0. Considering this constraint,
we set the kinematic center position that provides us with the
lowest possible asymmetry value for the subsequent analyses.
For undisturbed galaxies, we expect |v(ri) + v(−ri)| to be close to
zero, which translates into a very low asymmetry index value,
while those galaxies with asymmetric rotation curve wings, sig-
nificant distortions in one side of the galaxy, or with completely
chaotic kinematics will yield higher A values. We apply error
propagation in Eq. 1 to compute the error of A.
The asymmetry index is particularly sensitive to distortions
in the outer parts of the rotation curves; here the absolute veloc-
ity values are higher and the relative velocity difference between
the receding and approaching sides of the rotation curve can also
be larger. Furthermore, interactions are more likely to disturb the
gas component in the outer parts of the galaxy disks where the
gas is less gravitationally bound. In that sense the objects with
measured gas kinematics up to large galactocentric radii have a
greater chance to show some distortions and get higher A values.
However, they also provide the most complete kinematic infor-
mation. Taking all these effects into account we conclude that
our A values provide us with a good estimate for the degree of
asymmetry within the ionized gas region of the galaxy, although
in some cases they may only represent a lower limit with respect
to the asymmetry index of fully extended rotation curves, which
can only be measured by neutral gas observations.
Based on the experience of Bösch et al. (2013a) with this in-
dex we created three categories according to the degree of asym-
metry displayed by our galaxies. Those objects with A 6 25
are labeled as regular rotators. Galaxies displaying intermediate
A values such as 25 6 A 6 50 are considered to be affected
by recent interactions even if they still show signs of their for-
mer regular rotational status. Finally, galaxies with A > 50 are
classified as irregulars. However, we cannot discard the misclas-
sification of some objects between adjacent categories given the
intrinsic error of A, the diverse spatial extension of our rotation
curves, and the presence of small systemic velocities that cannot
be accounted for by our kinematic center correction. We show
examples of these three categories in Fig. 4.
4. Results
In this section we study the link between the kinematic state of
our galaxies, the environment, and some of their most impor-
tant physical properties such as the SFR and the AGN activity.
We investigate the behavior of our sample in several scaling re-
lations. Our sample is initially comprised of 95 spectroscopi-
cally detected galaxies, 50 of them in the cluster and 45 in the
field. However, the additional requirements imposed to obtain
the physical quantities previously mentioned will progressively
diminish the size of our sample.
4.1. Kinematic state and environment
The first step in our analysis consists in the identification of the
kinematic state of our cluster and field samples. To achieve this
we first inspect the spectra of our targets and extract position-
velocity diagrams such as those shown in Fig. 4. Those objects
with kinematic information up to a sufficiently large galactocen-
tric radii will be classified as regulars, affected, and irregulars
Article number, page 5 of 25
A&A proofs: manuscript no. 36243
Table 2: Kinematic state fractions
Cluster Field
Regular 38.0% (19/50) 41.8% (18/45)
Affected 10.0% (5/50) 18.6% (8/45)
Irregular 40.0% (20/50) 23.3% (10/45)
Compact 12.0% (6/50) 16.3% (7/45)
according to their asymmetry index values. We find that the frac-
tion of irregular galaxies in the cluster environment is higher
than in the field (40.0% and 23.3%, respectively; see Table 2).
However, the total fraction of galaxies that have suffered some
kind of disturbance (affected + irregulars) is similar between the
cluster and field environment (50% and 41.8%). This suggests
that while the field population of galaxies at 0.3<z<0.6 already
contains a significant fraction of galaxies showing some degree
of distortion, cluster-specific interactions contribute to enhance
their asymmetry index, increasing the fraction of irregular galax-
ies according to our gas kinematics asymmetry criterion. These
results are in line with previous studies that reported significant
fractions of field galaxies with perturbed kinematics at interme-
diate redshifts (Yang et al. 2008, Kutdemir et al. 2010).
4.2. The Tully-Fisher relation
We used galaxies with regular kinematics to extract a reliable
value for Vmax for our Tully-Fisher diagrams. Objects classi-
fied as regular rotators using the asymmetry index criterion, and
those labeled as affected but with sufficiently extended kinemat-
ics were included in our analysis. In this work, we chose the
B-band and the stellar-mass (M∗) TFR to look for imprints of
environmental effects in our cluster galaxies. The B band is dom-
inated by the light of massive young stars, and is therefore very
sensitive to recent episodes of star formation. On the other hand,
the stellar mass acts as a proxy to trace the weight of the overall
underlying population of old stars within the galaxy. In sum-
mary, these two complementary representations of the TFR pro-
vide a way to examine the recent and cumulative star formation
history of the galaxies through their kinematics.
Before presenting our results on the B-band TFR, we must
emphasize the importance of correcting our absolute magnitudes
from extinction. In general, edge-on spiral galaxies show higher
values of extinction than their face-on counterparts, the reason is
that the light coming from the stars goes through a larger portion
of the disk when the galaxy is edge-on with respect to the line of
sight. Moreover, more massive disks are dustier than lower-mass
disks (Giovanelli et al. 1995). We take into account these two
effects following the prescription given by Tully et al. (1998)
to correct rest-frame B-band absolute magnitudes for intrinsic
dust absorption. This correction diverges for completely edge-on
galaxies (i.e., i = 90o), and for this reason we exclude from our
sample one cluster and four field galaxies. After applying this
correction, the typical errors for the B-band absolute magnitude
values in the TFR are ∼0.2-0.3 mag. Two more galaxies were
excluded (one in the cluster and one in the field) after finding that
their mismatch angles were δ > 45o. Finally, four field galaxies
lie beyond the edge of the SUBARU images and were excluded
due to the lack of enough photometric bands to compute reliable
rest-frame magnitudes and stellar masses.
We present our B-band TFR in Fig. 5 (left). Our final TFR
cluster sample is composed of 19 regular and 4 affected objects
(orange and white stars, respectively). However, we only use the
regular objects to study the evolution of the Tully-Fisher relation.
To find the best fit for our sample we keep the slope of the local
relation by Tully et al. (1998), while we let the intercept vary. We
find an average deviation of ∆MB=-0.7±0.8 mag for our cluster
sample. We use three different auxiliary samples for compari-
son. First, we make use of the ten remaining field regular galax-
ies observed by our program, finding that ∆MB=-0.6±0.7 mag.
We also include a sample of 50 cluster star-forming galaxies at
z=0.16 studied by Bösch et al. (2013b), who reported ∆MB=-
0.3±0.7 mag with respect to the local TFR. Finally, we com-
pare our results against a sample made of 124 field star-forming
galaxies at 0<z<1 that is representative of the typical scatter of
this scaling relation in the given redshift range (gray area). In
all these data sets we note that Vmax and MB were computed us-
ing the same methods presented in this study, which makes them
ideal for a direct comparison. The scatter of our cluster sample at
z∼0.45 is consistent with what has been previously found in the
field (Böhm & Ziegler 2016), while the reported offset in B-band
luminosity is larger than that of the Bösch et al. (2013b) sample
at lower redshift, but in line with what has been found by previ-
ous observational studies (Bamford et al. 2005) and predictions
from semianalytical models (Dutton et al. 2011). We repeated
our analysis for the M∗-TFR (Fig. 5, right side) finding a mild
offset (∆M∗=0.2±0.4) between our targets at z∼0.45 and the lo-
cal relation (Reyes et al. 2011). In the case of our field sample
the offset is even smaller (∆M∗=0.1±0.3). This supports previ-
ous results claiming no significant evolution on the M∗-TFR up
to z∼1 (Pelliccia et al. 2017, Harrison et al. 2017) and points
towards a small influence of the environment in the M∗-TFR at
this redshift.
In Fig. 6 we analyze the possible relation between the asym-
metry index (A) and the residuals from the B-band and M∗-TFR.
We bin our objects in four bins according to their asymmetry
index value (A 6 12.5, 12.5 6 A 6 25, 25 6 A 6 37.5, and
37.5 6 A 6 50) and compute the average of the residuals in these
bins and its standard deviation. We restrict our study to only the
first three bins of the cluster sample due to the lack of galaxies in
the fourth. Our results show that the cluster and field samples are
similarly distributed with no clear trends. In Fig. 7 we investigate
the influence of the local galaxy number density on the asymme-
try index of our objects. Within our cluster sample we find that
most objects included in our Tully-Fisher analysis are located
in moderate- to low-density regions of the structure, while only
two regular galaxies are found in the densest areas of the clus-
ter complex. In an environment-based quenching scenario we
expect that most star-forming galaxies increase their asymme-
try index (becoming kinematically irregular; Bösch et al. 2013a)
and gradually stop their star formation during their infalling path
towards the central and densest areas of the cluster (Haines et al.
2015). The only two regular objects lying in these dense regions
show log M∗=10.52 and log M∗=10.85, which may indicate that
only the most massive star-forming galaxies would still show
significant star formation activity across their disks and main-
tain their regular rotation once they reach the central areas of
massive clusters. On the other hand, most galaxies with irregular
gas kinematics within our sample also lie in low- to intermediate-
density regions, which suggests that a significant fraction of field
galaxies infalling into cluster structures already carry gas kine-
matic distortions before being affected by environmental effects.
4.3. Star formation activity
The most reliable and most commonly used SFR calibrator is
Hα. However, the observation of intermediate- to high-redshift
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Fig. 5: Left: Tully-Fisher B-band diagram. In both diagrams the orange and white stars represent regular and affected cluster objects,
respectively, while the blue and white circles represent regular and affected field galaxies. Black circles represent cluster galaxies at
z∼0.2 from Bösch et al. (2013b). The solid black line shows the local B-band TFR (Tully et al. (1998)) with a 3σ scatter area around
reported by Böhm & Ziegler (2016) for galaxies at 0<z<1 (gray area). The orange, blue, and black dashed lines represent the best
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targets makes it difficult to get access to this emission line using
optical spectroscopy. This is the case of our VIMOS programs
for which we can only detect spectral features for cluster galax-
ies between 3600 − 5200Å in the rest frame. Thus, we rely on
the [OII]λ3727 doublet to estimate the SFR of our targets. Due to
the slit positioning of our objects with respect to the center of the
VIMOS mask, the wavelength range of some objects is slightly
offset towards redder or bluer wavelengths. In the former case,
this may shift the [OII] line out of the visible wavelength range,
making it impossible to determine the SFR using this method.
This reduces our sample to 31 cluster galaxies split into the same
three groups described in Sec. 3.4 according to their asymmetry
index. We apply the prescription given by Gilbank et al. (2010)
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standard deviation of our cluster sample divided into four bins
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to compute reliable S FR values,
S FRemp,corr/(Myr−1) =
L([OII])/3.80 × 1040ergs−1
a tanh[(x − b)/c] + d , (2)
where a = -1.424, b = 9.827, c = 0.572, d = 1.700, and
x=log (M∗/M). This approach includes an empirical mass-
dependent correction that takes into account the effects of metal-
licity and dust extinction over the SFR. However, Gilbank et al.
(2010) assume a Kroupa IMF, while all the quantities in this pa-
per have been computed following a Chabrier IMF. To maintain
consistency, we multiply S FRemp,corr by a factor of 0.9, which
accounts for the stellar mass transformation between the Kroupa
and Chabrier IMFs.
To study the star formation activity of our cluster galaxies we
present the sSFR-mass relation in Fig. 8 (upper panel). We use
the main sequence (Eq. 1 in Peng et al. 2010) at z∼0.45 as a ref-
erence for the expected star formation activity in the field. The
goal of this analysis is to study the environmental imprints on the
star formation activity of our galaxies, and the connection with
their kinematic state. We find that regular cluster galaxies lie on
average 0.1±0.3 dex below the main sequence, while irregular
galaxies show a slightly larger offset of 0.2±0.4 dex. On aver-
age, the specific star formation of kinematically irregular galax-
ies is slightly more suppressed than in their regular counterparts.
However, this difference becomes statistically insignificant once
we take the errors into account.
4.4. Gas excitation diagnostics
In this section we aim to investigate the ionizing source of the
interstellar medium (ISM) in our galaxies, and if it is related
to cluster-specific interactions that influence their degree of gas
kinematic asymmetry at the same time. The two candidate pro-
cesses are the products of star formation (i.e., hot young stars),
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Fig. 8: Top: sSFR-log(M∗) diagram. Orange, white, and violet
stars respectively represent cluster galaxies classified as regular,
affected, and irregular according to their kinematic asymmetry
index value (A). The black solid line shows the main sequence
of star-forming galaxies at z∼0.45 given by Peng et al. (2010)
with a 3σ gray area region. The orange and violet dashed lines
represent the best fit linear regressions to our sample of regular
and irregular galaxies, respectively, assuming the slope given by
the main sequence and a Chabrier IMF. Bottom: Mass-excitation
diagram (symbol shapes and colors as in the top panel). The dia-
gram is divided into three different regions according to the dom-
inating source of gas excitation: star-forming (bottom left), AGN
(top right), and composite (central stripe).
and the presence of a supermassive black hole in the center of
the galaxy injecting a large amount of energy in the ISM. Given
the wavelength constraints of our spectroscopic observations, we
are unable to apply the often used BPT diagram (Baldwin et al.
1981) for this purpose, and thus we are forced to use other diag-
nostics that require emission lines in the bluer part of the spec-
trum. One of these representations is the mass-excitation (MEx)
diagram introduced by Juneau et al. (2011). This diagram takes
the [OIII]λ5007/Hβ ratio from the BPT diagram and substitutes
the [NII]/Hα ratio for the stellar mass. It has been tested up to
z∼2 showing a good degree of consistency with respect to BPT
analyses at z<1 (Juneau et al. 2014).
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We present our results in Fig. 8 (bottom panel), where we di-
vide our sample according to their kinematic state in the same
way that we described in the previous section. We find that most
of our galaxies lie within the star-forming or composite regions,
independently of their kinematic classification. There are only
two galaxies within the AGN region, one classified as irregular
and the other as regular according to their asymmetry indexes.
Our results suggest that AGN activity is not connected with kine-
matic gas distortions, and thus interactions between galaxies or
with the intracluster medium are not likely to trigger a strong
AGN response by channeling gas towards the central regions of
the galaxies on our spatial scales.
4.5. Halo masses
Dark matter halos are key to understanding the formation of the
first galaxies and the hierarchical growth of structures in the uni-
verse. For most individual galaxies, dark matter represents more
than 80% of their total mass, yet due to the non-interacting na-
ture of dark matter little can be said about its properties. For
this reason, galaxy evolution studies are usually focused on the
study of the baryonic component of the different populations of
galaxies across cosmic time. However, measurements of the halo
mass are fundamental in order to achieve a comprehensive un-
derstanding of galaxy formation and evolution since the gravita-
tional potential, dominated by the dark component, drives most
of the interactions that a galaxy undergoes during its lifetime.
The presence of dark matter within galaxies is ideally in-
ferred from observations of baryonic matter if possible. The
traditional method for measuring the dark matter content of
galaxies requires their dynamical masses to be derived. How-
ever, the available baryonic information is usually limited by ob-
servational constraints, and the use of models and simulations
is needed to translate our observables into the parameters re-
quired to compute the dynamical mass. Recently, Conselice et al.
2018 adopted several combined observational and theoretical ap-
proaches to derive the halo mass of field galaxies up to z∼3. In
the next sections, we follow a method introduced by Lampich-
ler et al. (2017) and tested by Conselice et al. (2018) to derive
the halo mass values for our sample of galaxies. This method is
only valid for objects with v/σ>1. While we did not carry out
a velocity dispersion analysis for our samples, it is reasonable
to assume that galaxies labeled as regulars (A<25) according to
their asymmetry index comply with this requirement. The halo
mass can be defined as
Mh =
v2hRh
G
, (3)
where Rh is the virial radius of the halo, vh is the rotation velocity
at Rh, and G is Newton’s gravitational constant. However, Rh
and vh cannot be directly obtained from our observational data.
Thus, we need to find a way to compute these quantities from
the effective radius Re and the maximum rotation velocity Vmax
measured in our study. Kravtsov 2013 established a relationship
between the half-mass radius (Rm) and the virial radius assuming
that the relation between the total mass of halos, Mh, and stellar
mass of galaxies they host, M∗, is approximately monotonic, and
the cumulative abundances of halos and galaxies match (nh(>M)
= ng(>M∗)):
Rm ≈ 0.015Rh (4)
In the case of disk galaxies, we can convert the half-mass radius
into optical half-light radius by using the empirical relation pre-
sented in Szomoru et al. (2013) for galaxies at 0.5<z<2.5. In this
work, the authors used deep HST data in several fields to derive
accurate stellar-mass surface density profiles, from which Rm
can be extracted by assuming a certain M/L ratio dependent on
the galaxies’ properties. In the low-redshift regime, they found
that Rm is on average 25% smaller than the rest-frame optical Re:
Re ≈ 1.33Rm (5)
For a more in-depth discussion of the methods used we refer
to Szomoru et al. (2013). Equations 4 and 5 provide us with a
relationship between the virial radius of the dark matter halo
(Rh) and the half-light optical radius (Re). Finally, to compute
the halo mass we need to connect Vmax with vh. Several works
(Dutton et al. 2010, Papastergis et al. 2011, Cattaneo et al. 2014)
have investigated this relation by comparing the rotation velocity
measured at several scale lengths from the center of the galaxy
(vopt) with theoretical models that take into account the contri-
bution of different dark matter halo profiles to obtain the rotation
velocity at the virial radius (vh). Given the description of vopt in
those studies we can assume that in our work Vmax ≈ vopt in the
following. However, the ratio vopt/vh is strongly dependant on
the model used, ranging from vopt/vh=1.1 to vopt/vh=1.5 between
different studies. We here adopt the mean value, vopt/vh=1.3, to
compute our halo masses. Taking into account these approxima-
tions we can estimate the halo mass of our targets in the follow-
ing way:
Mh ≈ 29.7V
2
maxRe
G
(6)
In Fig. 9 we present the stellar-to-halo mass relation for our sam-
ple of cluster and field galaxies at intermediate redshift in com-
parison with the theoretical relation derived by Moster et al.
(2013), which in this case has been parameterized for z∼0.45.
The distribution of both our cluster and field samples follow the
theoretical relation with significant systematic errors inherent to
the computation of Mh. Interestingly, most cluster galaxies with
log M∗<10.5 lie below the theoretical prediction, while this ef-
fect is not seen for field galaxies with similar stellar mass. How-
ever, the scatter of the sample, the low number of objects, and the
fact that this Mh estimation does not take into account the effects
of the cluster environment on the dark matter halos of satellite
galaxies make it difficult to draw conclusions about the origin of
this difference.
5. Discussion
The study of different galaxy properties provides us with di-
verse pieces of the galaxy evolution picture. This work is fo-
cused on the study of galaxy kinematics, its connection with the
environment, and the star formation and AGN activity. The kine-
matics analysis yielded a higher fraction of irregular galaxies in
the cluster environment than in the field according to our asym-
metry index criteria. This can be explained by the influence of
cluster-specific interactions on the population of galaxies that are
progressively infalling towards the central regions of the clus-
ter complex. On the other hand, we speculate that the relatively
high fraction (41.9%) of field galaxies displaying signs of distur-
bances (irregular + affected) may be caused by the continuous
mass growth of the galaxies in the field via accretion and minor
merging events at intermediate redshifts. Our results suggest that
field galaxies do not live in complete isolation and are subject to
minor interactions with relative frequency, disturbing their gas
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Fig. 9: Stellar-to-halo mass diagram. The red solid line repre-
sents the expectations for this relation given by Moster et al.
2013 at z∼0.45 with a 1σ gray area. All the other symbols have
the same meaning as in Fig. 5.
kinematics to some extent. This scenario was already introduced
by Puech et al. (2008) and Kutdemir et al. (2010) in the past.
The Tully-Fisher relation and its evolution for cluster galax-
ies have been a subject of debate during the last two decades.
Currently the dominant view is that there are no significant dif-
ferences in the slope and the zero point of the relation between
field and cluster galaxies at a fixed redshift, but larger scatter has
been reported in cluster samples. However, the combination of
different representations of the TFR can be useful to obtain in-
formation about the evolutionary stage of the stellar populations
that are part of the studied galaxies. Some attempts in this direc-
tion were made by group in Pérez-Martínez et al. (2017) for a
small sample of cluster galaxies at z∼1.4. However, we do not
find remarkable effects for our cluster galaxies at z∼0.45. The
cluster B-band TFR yielded a moderate brightening of ∆MB=-
0.7±0.8 mag with respect to the local B-band TFR, which can
be explained by the gradual evolution of stellar populations with
lookback time and the intrinsic scatter of our sample. These re-
sults agree within the errors with previous works in the cluster
environment (Bamford et al. 2005). In parallel, we report no sig-
nificant evolution in the M∗-TFR (∆M∗=-0.2±0.4), in line with
previous observational studies in the field (Übler et al. 2017, Ti-
ley et al. 2019) and cluster environment (Pelliccia et al. 2019),
with semianalytical models (Dutton et al. 2011) and with re-
cent results from the EAGLE hydrodynamical simulations at
z∼0 (Ferrero et al. 2017). The lack of evolution in the M∗-TFR
across environment and cosmic time points towards the presence
of a tight link between the stellar mass growth and the changes
in dynamical mass (for which Vmax acts as a proxy) of a given
galaxy during its lifetime. Moreover, we do not see a clear cor-
relation between the kinematic degree of asymmetry A of our
objects and the residuals with respect to the local B-band and
stellar-mass TFR. However, our TFR cluster and field samples
are mainly composed of regular galaxies (i.e., with A ≤ 25 val-
ues), and thus we lack the statistics to investigate the possible
offsets caused by galaxies that have been likely affected by some
kind of interactions (i.e., 25 ≤ A ≤ 50 values) in these two scal-
ing relations. Similarly, we do not find a correlation between the
local galaxy number density and the degree of asymmetry of the
cluster sample. Most of our regular, affected, and irregular galax-
ies populate regions with intermediate local density within the
cluster. This suggests that interactions in dense environments are
already common during the infalling phase. Moreover, the lack
of objects with extensive gas disk emission in the densest regions
of the cluster also suggests that star formation is more efficiently
suppressed in the cluster core.
Dense environments accelerate and strengthen the quench-
ing of star formation in galaxies (Maier et al. 2016, Rodríguez
del Pino et al. 2017) and their morphological transformation
(Kuchner et al. 2017). In this work, we used this information
to investigate the star formation activity for cluster galaxies dis-
playing different kinematic behaviors. Our cluster sample agrees
with previous results (Rodríguez del Pino et al. 2017) showing
lower sSFR values compared to the field main sequence of star-
forming galaxies at intermediate redshift. Furthermore, galaxies
classified as irregulars (A > 50) display a slightly lower average
sSFR value (-0.2 dex) than their regular counterparts (-0.1 dex),
although this difference becomes insignificant when taking into
account the scatter of our sample.
Some authors have speculated that gravitational interactions
such as close encounters or mergers that heavily disturb the gas
kinematics of galaxies may trigger starburst events, enhancing
momentarily the SFR of the galaxies involved (Schweizer 2005,
Teyssier et al. 2010, Hoyos et al. 2016). However, the outcome
of these interactions strongly depends on the intrinsic properties
of the interacting objects, and in most cases it appears to have
only a mild effect on the SFR. For example, Knapen et al. (2015)
found an increase in the SFRs by an average factor of 1.9 for ex-
treme interacting field galaxies in the local universe compared
to their non-interacting control sample. However, approximately
50% of these extreme interaction events also yielded SFR val-
ues consistent with or even slightly lower than those of the non-
interacting control sample. Similar results were found by Pear-
son et al. (2019) using different surveys at 0<z<4. This supports
the scenario where gravitational interactions may cause starburst
events, albeit not in a systematic way. The similarity between the
regular and the irregular gas kinematic samples in the sSFR-M∗
relation found in this work may imply that star formation activity
is (in general) independent of the galaxy kinematics in clusters
at intermediate redshift.
We consider two different explanations for these results. In-
teractions, such as starvation, act gradually over the gas reservoir
on a relatively long timescale, increasing in strength towards the
cluster core regions, and acting as a cumulative effect over the
physical properties of a given galaxy. In a similar way, RPS
may become an important effect when the galaxy approaches
the innermost regions of the cluster, acting for several hundred
million years. On the other hand, mergers and close encoun-
ters can be considered instantaneous events, and their effects are
strongly dependant on the previous properties of the objects in-
volved. Cluster complexes as big as RXJ1347 grow by accreting
infalling groups of galaxies that have been subject to a certain
degree of pre-processing, causing a partial depletion of their gas
reservoir, and thus making it more difficult to trigger a strong
starburst after a merging event. Furthermore, starbursts are very
short-lived events, lasting no more than a few hundred million
years at most. In a context where the gas reservoir of the hosts
has already been partially depleted due to its interaction with the
ICM for some time, the duration of a starburst event could be
even shorter. This means that at a given time, very few objects
may be experiencing this phase, making their detection difficult.
Recent results by the STAGES collaboration show signs
of star formation enhancement in some cases of RPS detected
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thanks to the analysis of deep HST photometry and narrow-
band Hα imaging in the Abell 901/902 cluster complex at
z∼0.16 (Roman-Oliveira et al. 2019). In that work the average
log (sS FR) value of RPS-galaxies is ∼0.2 dex higher than that
measured for their cluster star-forming mother-sample at a fixed
M∗. If such cases are present in our study, the kinematic analy-
sis we carried out does not allow us to unambiguously identify
them, which may contribute to the scatter of our cluster sample
in the sSFR-log(M∗) relation.
We also examine the influence of galaxy kinematics on the
AGN activity. Recent results by Poggianti et al. 2017 suggest
that some interactions such as RPS feed the central black hole of
massive disk galaxies, triggering AGN activity. Due to the char-
acteristics of our sample, we choose a more simplistic approach
by studying the frequency of AGNs in galaxies that display reg-
ular and distorted gas kinematics in the cluster environment. Our
results, though limited due to the size of our sample, show that
the fraction of AGNs is very similar (and very low) for both
classes. It seems that in general, interactions in the cluster en-
vironment are not likely to channel gas from the outskirts of the
galaxy towards its central regions. Thus, the appearance of AGN
is probably dominated by the effects of the mass growth, as hap-
pens in the field, though attenuated by the partial depletion of the
cold gas reservoir due to the influence of the ICM.
Finally, we carried out an exploratory analysis of the stellar-
to-halo mass relation using the method outlined by our group
(Lampichler et al. 2017) and in Conselice et al. (2018). We find
that our cluster and field samples follow the theoretical predic-
tions proposed by Moster et al. (2013) at the redshift of our tar-
gets. Similarly, Niemiec et al. (2018) studied this relation for
satellite cluster galaxies using the Illustris simulations. The au-
thors follow the evolutionary path of every satellite galaxy since
it is accreted by the cluster gravitational potential well, find-
ing that satellite cluster galaxies are shifted towards lower halo
masses compared to the results for central galaxies. We do not
see this trend in our observational study, although several cir-
cumstances do not allow us to discard its existence. First, the
method outlined to compute Mh relies on a series of approxima-
tions that have only been tested for field galaxies and in the lo-
cal universe for the most part. The dark matter halos of satellite
galaxies in clusters interact with each other and with the main
halo of the cluster (i.e., the central galaxy halo) during their in-
falling period. The consequences of these interactions may result
in the partial stripping or merging of the dark matter compo-
nent of satellite galaxies, which in turn may invalidate the con-
version between (Rh,Vh) and (Re, Vmax) in the cluster. Second,
the conversion itself is model dependent, which significantly in-
creases the systematic uncertainties in the determination of Mh,
and contributes to the scatter of the sample. The conversion be-
tween Vmax and vh ranges between 1.1 and 1.5 for different stud-
ies (Dutton et al. 2010, Papastergis et al. 2011, Cattaneo et al.
2014). In the same way, the conversion between the half-light
and the half-mass radius of late-type galaxies has different val-
ues in the literature (e.g., Re=Rm in Lanyon-Foster et al. 2012,
while Re=1.33Rm in Szomoru et al. 2013). We estimate that
these model-dependent uncertainties add 0.1-0.3 dex to the er-
ror budget computed in the determination of halo masses. Third,
the small number statistics of our sample combined with cluster-
specific processes that affect the distribution of matter within the
galaxy and its stellar-mass budget can introduce additional bi-
ases when comparing the cluster and field population. For exam-
ple, the bulge growth of late-type galaxies (Kuchner et al. 2017)
or the effect of additional subtle interactions in clusters add fur-
ther uncertainties on the transformation between Re and Rm in
comparison with the field. Due to the non-trivial implications
that the combinations of these effects may have for our sample,
we do not attempt to explain the possible offset between cluster
and field galaxies visible in our M∗ − Mh diagram and conclude
that statistically significant studies in clusters at different epochs
are required to shed light onto the stellar-to-halo mass evolution
of cluster galaxies.
6. Conclusions
In this work, we used the VIMOS/VLT spectrograph to inves-
tigate the kinematics of a sample of galaxies in the RXJ1347
cluster complex. In particular, we studied the possible link be-
tween the kinematic asymmetries, the star formation rate, and the
gas excitation of the gas disk component. Our kinematic analysis
used the asymmetry index A (Dale et al. 2001 and Bösch et al.
2013a) to measure the degree of disturbance of the gas compo-
nent of our galaxies. Those objects with regular enough kine-
matics according to this index were included in our Tully-Fisher
and stellar-to-halo mass analysis, while those that show signif-
icant distortions were the focus of a subsequent star formation
and AGN activity analysis. We compared our results with refer-
ence samples in the local universe and at intermediate redshift.
Our main findings can be summarized as follows:
1. The fraction of galaxies that display strong kinematic asym-
metries in the cluster (42.0%) is higher than in the field
(23.3%). A possible explanation for this difference is the in-
fluence of cluster-specific interactions. However, this frac-
tion rises to 41.9% in the field when we combine galaxies
with strong irregularities (irregulars) and those with mild but
perceptible disturbances (affected). This may be caused by
a higher accretion activity and minor merger frequency than
expected in the field at intermediate redshifts. This scenario
has been proposed by some authors in the past (Puech et al.
2008, Yang et al. 2008, and Kutdemir et al. 2010).
2. Cluster galaxies with sufficiently regular rotation curves
(A 6 50) display a moderate albeit non-significant bright-
ening in the B-band TFR (∆MB=-0.7±0.8 mag) and non-
significant evolution in the M∗-TFR (∆M∗=-0.2±0.4 mag).
In the field, we find very similar results in both scaling
relations at intermediate redshift ∆MB=-0.6±0.7 mag and
∆M∗=-0.1±0.3 mag. These results suggest that cluster and
field galaxies behave similarly in the different representa-
tions of the TFR at this redshift. The reported B-band evo-
lution can be explained by the successively younger stellar
populations towards longer lookback time, while our results
in the M∗-TFR agree with recent observational studies in
the field and cluster environment that reported no significant
evolution up to z=1 (Tiley et al. 2019 and Pelliccia et al.
2019, respectively).
3. We report average lower sSFR values for our cluster sam-
ple compared to the field expectations given by the main se-
quence of star-forming galaxies (Peng et al. 2010) at z∼0.45.
In particular, we find slightly lower sSFR values for those
galaxies classified as irregulars according to their asymme-
try index (A > 50) with respect to those classified as fully
regular (A 6 25). We do not see signs of a star formation
burst for galaxies that may have suffered an interaction in
their recent past in clusters at intermediate redshift.
4. There is no correlation between the kinematic classification
of our galaxies and AGN activity measured through the MEx
diagram (Juneau et al. 2011).
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5. We explored the stellar-to-halo mass relation for our sam-
ple of cluster and field galaxies at intermediate redshift.
Our results agree with the theoretical prediction proposed
by Moster et al. 2013 parameterized for z=0.45. However,
some cluster galaxies display smaller stellar masses for a
given halo mass compared to the field and in contrast with re-
sults from hydrodynamics simulations (Niemiec et al. 2018).
However, the assumptions made to estimate Mh do not take
into account the effects of the cluster environment over the
dark matter halos of satellite galaxies. This, together with the
low number of objects studied and their scatter, does not al-
low us to investigate the origin of this trend in a systematic
way. Additional observations are required to improve our un-
derstanding of the stellar-to-halo mass relation in clusters.
After several decades of environmental studies, many aspects
of galaxy evolution are still not well understood by the astro-
nomical community, even at low to intermediate redshift. We
emphasize the importance of carrying out comprehensive stud-
ies that investigate galaxy evolution from different perspectives
(i.e., with respect to stellar population properties, morphologies,
kinematics, etc.) and making use of large data sets. In particular,
the use of IFU observations in comparison with high-resolution
simulations will be of key importance in order to disentangle the
influence of different cluster-specific interactions over the phys-
ical properties of galaxies in the near future.
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Appendix A: Additional material
In this section we present the data tables containing all the rel-
evant parameters of the cluster and field galaxies that were in-
cluded in our TFR analysis, i.e., those galaxies classified as reg-
ular or affected attending to our gas kinematics asymmetry index
criterion. We also display the observed and computed rotation
curves for the same objects (Figs. A.1 and A.2). In addition, we
add three examples of irregular galaxies (A ≥ 50) with varying
degrees of distortion (50 ≥ A ≥ 200) to show the typical cases
that this class encompass (Fig. A.3).
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Fig. A.1: Our sample of cluster galaxies studied following the methods explained in Sect. 3 and presented in the same order as in
Table A.1. Column 1: z-band Suprime-Cam image centered on the target; Column 2: residuals after subtracting the 2D model of the
galaxy; Column 3: synthetic velocity field after fitting the simulated rotation curve to the observed curve; Column 4: rotation curve
(black dots) in the observed frame and the simulated rotation curve (red line). The black solid parallel lines in the panels in Cols. 1
and 3 depict the position of the edges of the slit.
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Fig. A.1: (Continued)
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Fig. A.2: Our sample of field galaxies studied following the methods explained in Sect. 3 and presented in the same order as in
Table A.2. The columns have the same meaning as in Fig. A.1.
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Fig. A.3: Three examples of irregular cluster galaxies (A ≥ 50) according to the asymmetry classification stated in Sect. 3.4. The
columns have the same meaning as in Figs. A.1 and A.2.
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